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Abstract— A five phase inverter drive is the latest 
innovative drive, which has the potential to over through 
the three phase induction motor. Industries will prefer 
compatible, most reliable converters and inverters in their 
power systems. To design and construct the power 
converter or inverters suitable measures have to be 
considered. One of the main conditions while designing is 
that generation of minimum Total Harmonic Distortion in 
any power systems. In order to get the minimum harmonic 
distortion a Dual stage common mode filter is used in this 
work. This paper presents the Harmonical comparison 
between the normal five phase inverter drive with five 
phase drive with dual-common mode filter using 
Simulation and results will be presented.   
Keywords-Five phase; PWM Invertr; THD; Common 
mode; Filter;   
I.  INTRODUCTION  
Electric drives are the most widely used devices in the 
industries. Most of the industries prefer the three phase 
induction motor because of its various advantages such 
as low cost, low maintenance, higher efficiency and high 
reliability. Now Multi/poly phase drives are becoming 
the next electric drives in the industries. It is possible to 
design electric drive with 5 phase, 6 phase and 9 phase 
have attracted many researchers due to their higher 
torque efficiency.  Five phase PWM inverter drive offers 
more advantages than the three phase induction motor 
such as high reliability, high fault tolerance. Multi/poly 
phase drives were not used because of the generation of 
AC input supply for poly phase was complex, with the 
improvements in Power Electronics multi/phase phase 
AC supply were designed and also Multi phase motors 
are designed, Multi phase motors attracted some of the 
applications such as it is used in electric and hybrid 
vehicles, Traction units, aircrafts, ship propulsion [1-3].  
Electric drives mainly comprised of Voltage Source 
Inverter and current source inverters. Adjustable speed 
drives is the most used systems in the industries, and it 
consists of rectifier/converter and the inverter. Industries 
concerned about the power consumption capabilities 
while they are selecting the motor drives such as it must 
have good power factor, it should produce less THD 
(total harmonic distortion), less EMI Noise and more 
lifetime of the motor.  To design the motor with the 
above mentioned features we need to use Filters. To 
improve the power factor, to remove the harmonics 
filters, and to reduce the EMI noise a filter is used.  
Common mode voltage in power converters and power 
inverters introduces many problems in power electrical 
systems. This common mode voltage can interfere with 
nearby systems and can disturb the performance. The 
inverter produces the common mode voltage and it 
passes through all the components in the circuit and 
degrades the performance. In order to reduce this 
common mode voltage a common mode filter is used to 
prevent these common mode voltages. Common mode 
voltage exists between the load neutral and earth ground. 
CM noise voltage flows in the same direction on both 
power conductors and returns via the ground conductor 
and can be suppressed by the use of inductors. These 
common mode voltages create EMI noise and can disturb 
the motor.  
Common mode filters are used to suppress common 
mode noise. This type of filter is designed by using 
inductors, capacitors and resistors. Since common mode 
voltage flow inside the filter, filter works as inductor 
against the common mode current. A common mode 
filter provides larger impedance against common mode 
current and is more effective for common mode noise 
suppression than using several normal inductors.  Five 
phase PWM inverter is constructed using Simulink, its 
harmonics are studied. Then five phase inverter with 
Dual stage common mode filter is constructed and 
studied. Results are compared between the normal five 
phase PWM inverter and five phase inverter with Dual 
stage common mode filter.[4-18] 
II. FIVE PHASE PWM INVERTER DRIVE  
The circuit diagram of five phase induction motor drive 
with PWM inverter is as shown in figure 1. By using 
Voltage frequency method speed can be controlled in 
five phase Induction motor. Five Phase signals generated 
by pulse generator P1-P10, the switches S1-S10 will be 
turned on for a period of 1800 conduction with 720 out of 
phase with each phase leg.  Inverter output voltage can 
be obtained by proper switching of IGBT’s. Two switch 
from the upper group and three switches from the lower 
group is on, or two from the lower group and three from 
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the upper group is on. The switching sequence of the five 
phase inverter is as shown in figure 2. 
 
Figure 1. Circuit diagram of five phase PWM inverter 
 
Figure 2. Switching Sequence for 1800 conduction mode 
III. PREPARE FIVE PHASE PWM INVERTER 
WITH DUAL STAGE COMMON MODE 
FILTER  
The circuit diagram of Five phase inverter with Dual 
stage common mode filter is as shown in figure 3. 
Common mode dual filter consists of capacitors C3-C12 
and resistors R1-R10 and inductors L1-L5. Common 
filter is connected to each of the inverter output line.  The 
component R, L and C values used in the common mode 
filter are as shown in table I. 
The filter don’t have any design, the component values 
which are used in this work are completely not bulky. 
Any values can be used according to the required 
characteristics.  
TABLE I.  R,L AND C VALUES OF COMMON MODE 
FILTER  
Components Values 
Resistors (R1-R10) 0.1 Ω 
Inductors (L1-L5) 1 mH 
Capacitors (C3-C12) 1mF 
 
 
 
 
 
 
 
 
Figure 3. Circuit diagram of Five phase inverter with Dual stage common mode filter 
 
IV. SIMULATION REULSTS  
Simulation has been done for the input frequency of 50 
Hz with RL load with R= 1.7 Ω and L= 8.9 mH. The line 
output voltage is measured and plotted for Five phase 
PWM inverter without filter and with common mode 
filter. THD is measured for both normal inverter without 
filter and with dual stage common mode filter.   
The line voltage waveforms of five phase PWM inverter 
are as shown in Figure.4. The line voltage waveforms 
five phase inverter with dual stage common mode filter is 
as shown in figure 5. 
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Figure 4. Line voltage and line current waveforms of a 
phase in normal Five phase PWM inverter 
 
Figure 5. Line voltage and line current waveforms of a 
phase in Five phase inverter with Dual stage common 
mode filter 
The overall THD for both normal five phase PWM 
inverter without filter and with dual stage common mode 
filter is measured as shown in table II. FFT sequence of 
the normal five phase inverter without and with filter is 
as shown in figure 6 and 7 respectively. 
 
Figure 6. FFT sequence of Five phase PWM inverter 
 
Figure 7. FFT sequence of Five phase inverter with Dual 
stage common mode filter 
TABLE II.  OVERAL  THD COMPARISON BETWEEN 
NORAML DRIVE AND WITH DUAL STAGE COMMON MODE 
FILTER  
Modes THD % 
Five phase PWM Inverter 
(Normal Mode) 
42.94 
Five Phase inverter with 
Dual stage common mode 
filter 
34.37 
Table III shows the individual harmonic content 
voltages of the Five phase PWM inverter without and 
with Dual stage common mode filter. Table IV shows 
the individual harmonic voltages with and without filter. 
TABLE III.  INDIVIDUAL HARMONIC CONTENT 
PERCENTAGE WITH AND WITHOUT FILTER  
Harmonic 
Order No 
Without 
filter THD 
% 
With Dual 
stage common 
mode filter 
THD % 
1 (Fundamental) 100 100 
3 33.23 34.22 
5 0 0 
7 14.24 1.36 
9 11.07 0.63 
11 9.07 0.34 
13 7.68 0.21 
15 0 0 
17 5.88 0.1 
19 5.26 0.07 
 
TABLE IV.  INDIVIDUAL HARMONIC CONTENT 
VOLTAGES WITH AND WITHOUT FILTER  
Harmonics 
Order 
Without 
filter 
Voltage (V) 
With Filter 
Voltage (V) 
1(Fundamental) 248 307 
3 82 105 
5 0 0 
7 35.47 4.17 
9 27.59 1.93 
11 22.57 1.02 
13 19.10 0.63 
15 0 0 
 
V. CONCLUSION 
Five phase PWM inverter with Dual stage common 
mode filter has been simulated in simulink/matlab. Its 
performance is studied by comparing THD with the 
normal PWM inverter. A drastic reduction in content of 
harmonics and THD using dual stage common mode 
filter is found. This reduction of harmonics may be 
extended to study the temperature in five phase 
induction motor drive in future. 
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